Hunger may play a role in noncommunicable disease (NCD) risk. This study used the 2012 Global School-based Student Health Survey from Bolivia to determine the association between hunger and risk factors for NCDs among adolescents. Hunger was associated with increased odds of nondaily fruit and vegetable consumption (adjusted odds ratio [AOR] = 1.21; P < .001), inadequate physical activity (AOR = 1.21; P = .001), and current tobacco use (hunger sometimes [AOR = 1.83; P < .001] or most of the time/always [AOR = 2.12; P < .001]). Interventions to reduce the burden of NCDs in Bolivia should address hunger, in addition to traditional behavioral risk factors.
Objective
Bolivia has the highest prevalence of chronic undernourishment in South America, and it affects 15.9% of the Bolivian population (1) . Hunger is an individual-level condition that may result from household food insecurity (2) . Hunger and household food insecurity have been associated with noncommunicable diseases (NCDs) and may cluster with other risk factors (3) (4) (5) . Although the communicable disease burden is substantial in Bolivia, NCDs account for the greatest mortality; an estimated 59% of total deaths are attributable to NCDs in Bolivia (6) . Understanding the associations between NCDs and hunger may provide insight into ways to reduce risk for NCDs, particularly among adolescents, because of the potential for early intervention before NCD onset. The objective of this study was to determine the association between hunger and behavioral risk factors for NCDs among school-going adolescents in Bolivia.
Methods
The 2012 Global School-Based Student Health Survey (GSHS) for Bolivia was a nationally representative survey of school-going adolescents, using a clustered sample design that first sampled schools and then classes (7). Participation in the survey was voluntary. The survey was self-administered in Spanish and was anonymous, with ethical oversight maintained by the Ministry of Health in Bolivia.
Hunger was defined as going hungry in the past 30 days because of not enough food in the home. Possible answers were "never," "rarely," "sometimes," "most of the time," or "always," with the last 2 answers combined because of small numbers in each category. Demographic variables were self-reported age and sex, and region of residence. Students were asked how many vegetables, fruits, and sugar-sweetened sodas they consumed daily in the previous 30 days; answers were categorized as daily consumption or nondaily consumption. Current tobacco use and alcohol use were defined as having used either substance on at least one day in the past 30 days. Inadequate physical activity was defined as less than 5 days of 60 minutes or more per day in the previous 7 days (8). Obesity was defined as having a body mass index more than double the standard deviation of the median for age and sex from the 2007 World Health Organization child growth reference data (9).
Rao-Scott χ 2 tests and multivariable logistic regression were used to assess the significance of associations of variables of interest with hunger. Multiple imputation was used to determine bias of missing data in the multivariable models (20 imputations, fully conditional specification).
The significance level was set at a 2-sided α of .05. All analyses were performed in SAS 9.4 (SAS Institute Inc.) and adjusted for the selection probabilities related to the complex sample design 
Results
The overall survey response rate (school response rate multiplied by student response rate) was 88%, with 3,696 students participating. Experiencing any hunger in the previous 30 days was reported by 61.9% of adolescents (Table 1 ) and was most prevalent among students aged 16 years or older (64.2%), boys (64.0%), and residents of the valley region (66.8%). There were significant differences by hunger status in the distribution of fruit and vegetable consumption (P < .001), current tobacco use (P < .001), current alcohol use (P = .03), and physical activity (P = .001) but not in sugar-sweetened soda consumption (P = .56) or obesity (P = .53).
In multivariable logistic regression models adjusted for age, sex, region, and all other behavioral risk factors, any hunger versus no hunger was significantly associated with greater odds of nondaily fruit and vegetable consumption (adjusted odds ratio [AOR] = 1.21; 95% confidence interval [CI], 1.11-1.31; P < .001), inadequate physical activity (AOR = 1.21; 95% CI, 1.08-1.35; P = .001), and current tobacco use (AOR = 1.32; 95% CI, 1.18-1.47; P < .001), but not daily sugar-sweetened soda consumption (AOR = 0.95; 95% CI, 0.86-1.04; P = .23), current alcohol use (AOR = 0.95; 95% CI, 0.84-1.07; P = .38), or obesity (AOR = 0.97; 95% CI, 0.77-1.21; P = .76). When evaluating frequency of hunger (Table 2) , an increasing exposure-response effect was not observed for nondaily fruit and vegetable consumption or adequate physical activity, but there was a possible exposure-response effect for current tobacco use (experiencing hunger rarely [AOR = 1.21; 95% CI, 0.93-1.56; P = .15], sometimes [AOR 1.83; 95% CI: 1.34-2.50; P = <.001], or most of the time/always [AOR = 2.12; 95% CI, 1.50-2.99; P < .001]). Multiple imputation confirmed the overall magnitude and precision of these results.
Discussion
Hunger from lack of food in the home was highly prevalent and was significantly associated with various risk factors for NCDs, potentially representing pathways in which hunger contributes to the burden of NCDs. Geographic differences were also relevant, because the valley and highland regions (highest hunger prevalence) have the most people living in poverty, and the plains region (lowest hunger prevalence) has the fewest people living in poverty (10).
The association between hunger and nondaily fruit and vegetable consumption and inadequate physical activity is supported by research finding associations with household food insecurity (4,11).
Although these associations were independent, these variables might be at least partially related, because insufficient access to high-nutrient-dense foods in general could lead to nutrient deficiencies and poorer general health, which might impede participation in physical activity.
Adolescents reporting hunger sometimes or most of the time or always had approximately 2 times the odds of being current tobacco users. This association is supported by a study among US Latino adults, which found that current smokers had significantly greater odds of household food insecurity than did never smokers (5). Many explanations are possible as to why adolescents who reported hunger used tobacco; for example, using tobacco may be a coping mechanism for psychological stress resulting from hunger and poverty.
Limitations of this study are its cross-sectional design, self-reporting of data, and lack of data on adolescents who do not attend school or were not present on the day of the survey. School attendance is particularly relevant in Bolivia where a substantial proportion of children are in the workforce.
This study highlights several opportunities for public health interventions in Bolivia. Because hunger was associated with nondaily fruit and vegetable consumption and inadequate physical activity, school meal programs and physical education need to be scaled up, particularly in the poor, rural parts of the country, and the feasibility of weekend school meal programs also needs to be explored. At the same time, policy-level interventions are needed, especially for tobacco pricing. Cigarettes in Bolivia remain remarkably inexpensive (12) and highly accessible to all, including those living in poverty.
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